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oxide 

(57) A cerium-zirconium composite metal oxide 
liaving improved durability at high temperature and a 
stable oxygen storage capacity is provided. The cerium- 
zirconium composite metal oxide is characterized in that 
the total mole number of Ce and Zr is at least 85% based 
on the total mole number of metal in the composite metal 
oxide, a molar ratio Ce/zr is within a range from 1/9 to 
9/1 , and an isoelectric point of the composite metal ox- 
ide is more than 3.5. Preferably, the molar ratio Ce/Zr is 



within a range from 3/7 to 7/3 and the isoelectric point 
is within a range from 3.8 to 5.0, and the cerium-zirco- 
nium composite metal oxide contains a rare earth metal 
(excluding Ce) in a concentration of less than 15% by 
mole based on the total mole number of metal in the 
composite metal oxide. Also the present invention pro- 
vides a cerium-zirconium composite metal oxide, char- 
acterized in that CeOafomns a core surrounded by ZrOg. 



Fig.1 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 



r0001 1 The present invention relates to a cerium-zirconium composite metal oxide and. more particularly, to a cerium- 
Kium composite metal oxide which is suitable for use as a promoter for an exhaust gas purrfy.ng catalyst for an 
internal combustion engine. 
2. Description of the Related Art 

r0002] Exhaust gas emitted from an internal combustion engine such as an automobile engine includes such sub- 
Zcls as nitrogen oxides (NOx), carbon monoxide (CO) and hydrocarbons (HC). These harmful substances can be 
neutralized by means of a three-way catalyst which oxidizes CO and HC and reduces NOx into Og. 
m0031 such a three-way catalyst is generally composed of a support made of an oxide such as y-alumina. and a 
catalyst componrm consisting of'a noble metal such as platinum (R). palladium (Pd) or rhodium (Rh) supported on 

iSooiT l^order forthe oxidation of CO and HC and reduction of NOx to proceed efficiently on the three-way catalyst, 
^n ce sa^t lrtie r-fue. ratio in the internal combustion engine Is properly controlled and that the compos, 
of the exhausTgas lies within a narrow, particular range. In reality, however, the composition of the exhaust gas expe- 
riencersome variations due to such factor as a delay in the operation of a control system, and may deviate out of the 

rorsrtntc"e~o=^composite 

Ln oxidizing atmosphere including a relatively large amount of O^ the Ca atom ^'-2S^^^Z 2"rZ 2!c.^:^ 
absorbs o^gen, while in a reducing atmosphere containing a relatively large amount of CO and HC the Cg atom 
changes the valence from 4 to 3 and releases oxygen, thus demonstrating an oxygen storage capacity (OSC). 
mo061 T^^rslo^^ '"'^'"ding the cerium-zirconium composite metal oxide In an exhaust gas purifying catalyst has an 
K of Xating the variattons in th. exhaust gas composition in the vicinity of catalyst component, thereby causing 
the purification of exhaust gas to proceed more efficiently. ,iK.,*h«>„=n 
[OOO:^ in addition, absorption of oxygen by the cerium-zirconium composite metal ox.de .s accompanied by the gen- 
erSoasignific^t amount of heat. ar,d the heat can be usedtowami up thecatalyst When 
fh^aking it possible to shorten the time before the catalyst is activated. For this reas 
nosite metal oxide is used as a promoter for an exhaust gas punfying catalyst 

OoS Priora^^^^^^^^ to the ^rium-zirconium composrte metal oxide includes those ^^^^^^^^^^^^^^^^^ 
amined Patent Publication (Kokai) No. 10-194742 and in Japanese Unexamined Patent Publication (Kokai) No. 

rooogr^However, the cerium-zirconium composite metal oxide has a drawback that the oxygen -Joraf ^j;^ 
creasLafterithasbeenexposedtoahightemperatureofabout1000'Cormoreforalongpenodoft.me.thusshow.ng 

an insufficient durability. 
SUMI^ARY OF THE INVENTION 

[001 0] According^, an object of the present invention is to provide a cerium-zirconium composite metal oxide having 
improved durability at high temperature and showing a stable oxygen storage capacity. ^u»„^«rirAd in 

oSll The object described above can be achieved by a cerium-zirconium composite metal oxide characterized in 

thetot^motlm^^^^^^^^ 

oxide, a molar ratio Ce/Zr is within a range from 1/9 to 9/1 . and an isoelectric point of the composrte metal ox.de is 
roOlVl'Tn^oLr word, the present invention provides a cerium-zirconium composite metal oxide which has a specific 



comoosition and especially, has an isoelectric point more than 3.5. . . ^- , 

moTsr^e tel "Leiectric poinr is a characteristfc value measured on the basis of electrophoresis of particles 
L° ntined^n a s'rry and the isoelectric point of CeO, is 2.4 and the isoelectric point of ZrO is 4^ according to a 
methTd specLd ^the present invention. AccordingV. the cerium-zirconium composite metal ^-^^ P-^"* 
ZZL is characterized in that it has a value of isoelectric point near to that of ZrO, while containing both CeO, and 

ro'S'41 The cerium-zirconium composite metal oxide of the present invention has a value of the isoelectric point 
SmcanryhighrhanthatoftheceSum-zlrconiumcompositemetaloxideofthepriora 
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of CeO, and ZrO,. An exhau.t gas purifying catalyst which has Pt supported on such a cerium-zirconium composite 
metal oxide has durability significantly improved overthat of the prior art. ,th^r^r=continu«ntinn 
moi 51 Based on these facts, it Is considered that the cerium-zirconium composite metal ox.de of the present invention 
has s Jch a coS tion as the constituent particles thereof are made mainly of ZrO, in the outer layer and mainly of 
ceo, inside as Shown in Fig. 1 . and this constitutior, is stabilized when a trace of element selected from among rare 

mCrrnanThtrpfct^?e present invention provides a cerium-zirconium composite metal oxide, characterized 
[n mSthl totaCle n^^^^^^^ of Ce and Zr is at least 85o/„ based on the total mole number of metal in the composite 

t'St iln as deschbed'^^bove. it Is considered that ZrO^ having high heat resistance maintains the form of part^^s of 
cermzirconium^^^^ 

thT^ide and the outer layer are made stable with time, thereby demonstrating the satisfactory oxygen storage ca- 
S 8] It is to be understood that Fig. 1 shows a mere model and is not Intended to limit the present Invention. 
BRIEF DESCRIPTION OF THE DRAWINGS 



Fia 1 shows a model of a cerium-zirconium composite metal oxide of the present invention. 

2 is a giph Showing a relationship between th 
point. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

r00201 The present invention provides a cerium-zirconium composite metal oxide, characterized In that the total mole 
Sir oT Ce'and Zr is at least 85% based on the total mole number of metal In the connposrte -^tal ox^d- a molar 
ratto Ce/Zr is within a range from 1/9 to 9/1 . and an isoelectric point of the composrte metal ox de .s more than 3.5 and^ 
r^ore p^SeraWy. the molar ratio Ce/Zr fe within a range from 3/7 to 7/3 and the isoelectric po.nt .s w.thm a range from 

?002ir°in the present invention, the isoelectric point is defined as a value measured by the stop watch method, a 
version of the electrophoretic microscope method specified in JIS R1638. 

mo221 The cerium-zirconium composite metal oxide refers to an oxide which contains at least Ce and Zr and may 

rnranese (S i-n (Fe). cobalt (Co), nickel (Ni), chromium (Cr), niobium (Nb), copper (Cu). vanadium (V), molyb- 
denum (Mo) tungsten (W), zinc (Zn). aluminum (AO. silicon (SO and tantalum (Ta). 

?00237 The additional metallic element mentioned above Is preferably at least one of rare f^^^h metals such a^^^ 
Y Ce Pr Nd Sm Eu and Gd. and is contained in a concentration less than 15% based on the total mole number of 

^ t^rr Tr^ari"L additional metallic element. « Is considered that ZrO^ which 

Z:^'V!:::::^^:^^^^rne.s^ oxide of such a constitution Is preferab^ produced by using a ceria 
Lol as a source ; cer^m and is obtained by mixing the ceria sol and a zirconium compound so.u.on or a --ma soK 
andprefeJLryasol^^^ 

to oreoare a suspension, and then drying and firing the suspension. ... ^ . ^. ^- »,i„,,iH 

oozer ^he ten^ "sol" 1^ ceria sol and Zircons 

LTrt^cLrLTn wller which can produce a metal oxide such as ceria or zirconia when fired. Specifically, the sol may 
^:Tmat?riL":hth^roS^^^ hydrolyzing alKoxlde. acety.acetonato, acetate, n.rate or the like of such element 

SS^^'^L «'c~solution may be, for example, an a.ueous solution of zirconium oxynitrate ZrO 
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□as purifying catalyst. . 
[0029] The exhaust gas purifying catalyst can demonstrate high and stable exhaust gas punfying perfomnance with- 
out degradation of the oxygen storage capacity even when exposed to a high temperature of about 1 0OCC. 
[0030] The following Examples further illustrate the present invention . 

EXAIVIPLES 

Example 1 

[0031 ] A solution prepared by dissolving 41 . 1 6 g of zirconium oxynitrate and 6.48 g of yttrium nitrate In 1 00 g of ion- 
exchanged water was added to 193.33 g of a ceria sol (containing 15% by weight of Needral U-15, manufactured by 
TAKI CHEMICAL CO., LTD. as CeO^) and stirred to prepare a uniform suspension. 

[0032] The suspension was heated at 1 ZO'C for 24 hours to evaporate water, and then fired at lOO'C for 5 hours to 
obtain a cerium-zirconium composite metal oxide of the present invention having the following composition (weight 
ratio). 

CeOa/ZrOaA'aOa = 5B/38/4 

[0033] Then. 50 g of this composite metal oxide was dispersed in 300 g of ion-exchanged water to prepare a slurry. 
Then, 11.36 g of an aqueous solution of a diamminedlnitroplatinum complex (Ft concentration: 4.4% by weight) was 
added to the slurry, followed by stirring for 2 hours. 

[O034] The slurry was then heated at 1 20°C for 24 hours to evaporate water, and fired at 500°C for 2 hour to obtain 
an exhaust gas purifying catalyst comprising a cerium-zirconium composite metal oxide of the present Invention and 
1% by weight of Pt supported on the cerium-zirconium composite metal oxide. 

Example 2 

[0035] A solution prepared by dissolving 6.48 g of yttrium nitrate in 50 g of ion-exchanged water and 95 g of a zirconia 
sol (containing 20% by weight of Zirconia HA. manufactured by Daiichi Kigensokagaku Kogyo Co.. Ltd. as ZrOa) were 
added to 1 93.33 g of the ceria sol described above and stirred to prepare a uniform suspension. 
[0036] The suspension was heated to evaporate water in the same manner as In Example 1 . and then fired at yOO'C 
for 5 hours to obtain a cerium-zirconium composite metal oxide having the following composition (weight ratio) of the 
present invention. 

CeOg/ZlOgA'gOa = 58/38/4 

[00371 Then in the same manner as in Example 1.1% by weight of Pt was supported on the composite metal oxide 
using the diamminedlnitroplatinum complex to obtain an exhaust gas purifying catalyst of the present invention. 

Example 3 

[00381 A solution prepared by dissolving 6.48 g of yttrium nitrate in 50 g of ion-exchanged water and 1 54.5 g of a 
zirconia sol (including 12.5% by weight of Zirconia AC7 manufactured by DAIICHI KIGENSO KAGAKU KOGYO CO., 
LTD All as ZrOo) were added to 1 93.33 g of the ceria sol described above and stirred to prepare a unlfomn suspension. 
[0039] The suspension was heated to evaporate water in the same manner as in Example 1 . and then fired at 700°C 
for 5 hours to obtain a cerium-zirconium composite metal oxide having the following composition (weight ratio) of the 
present invention. 

CeOg/ZrOg/YgOa = 58/38/4 

[00401 Then in the same manner as in Example 1.1% by weight of Pt was supported on the composite metal oxide 
using the diam'minedinitraplatinum complex to obtain an exhaust gas purifying catalyst of the present invention. 
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ro041l A solution prepared by dissolving 34.66 g of zirconium oxynltrate. 3.99 g of lanthanum nitrate and 8.94 g of 
rasILymfurl^nZe i'n 300 g'of ion-exchanged water was added to 193.33 g ot the cena sol descnbed above and 

fo?f h'oui^ to obtara ceZ^^^^ composite metal oxide having the following composition (weight rat.o) of the 

present invention. 

CeOj/ZrOg/LagOg/PreOii = 58/32/3/7 

ro0431 Then in the same manner as in Example 1.1% by weight of Ft was supported on the composite metal oxide 
Lsing the dialinedinitroplatinum complex to obtain an exhaust gas purifying cata^st of the present ,nvent.on. 

Comparative Example 1 

ro0441 Asolution was prepared by dissolving 73.165 g of cerium nitrate, 41 .16 g of zirconium oxynltrate and 6^48 g 
oWttlm nS^e in 500 gTion-exchanged water. Ammonia water having a concentration of 1 mole/ ler was added 
l;:rsT torso.ut?on to adjust the pH value to about 9. thereby to obtain a ^-^^^J^^^J ^^^^^^^^^^^^ , 

(weight ratio) of the Comparative Example. 

CeOg/ZrOaA'aOa = 5B/3B/4 

Comparative Example 2 

[0047] A solution was prepared by dissolving 73.17 g of cerium nitrate 34.66 g of zirconium oxynltrate. 3.99 g of 
Lnth=.n, ,m nitrate and 8 94 0 of praseodymium nitrate in 500 g of ion-exchanged water. 

00481 A p ec State was produced from the solution by coprecipitatlon to evaporate water in the same manner as in 
LxaZleland^rhLnlireda^^^^^^^ 
composition (weight ratio) of the Comparative Example. 

CeOg/ZrOa/LagOg/PreOii = 58/32/3/7 

Comparative Example 3 

roosol 29 a of cerium oxide powder was dispersed in 500 g of Ion-exchanged water, and then a solution prepared 
Ly dislolvlng 41 .16 zlrconL oxynltrate and 6.48 g of yttrium nitrate in 200 g of ion-exchanged water was added 

?o7srAi:rtr^^^^^ 

L r-«.^oarati«P Fxamole 1 to oroduce a precipitate containing zirconium and yttnum. 

00527Cs.u% w^ hel^^^^^ evaporate water, and then fired at 700-C for 5 hours to obtain a cenum-z.rcon.um 
Lor^pL«rxlde having the following composition (weight ratio) of the Comparat-ve Example. 

CeOa/ZrOgAlTgOa = 58/38/4 

[00531 -rhen.lnthesamemannerasinComparath,eExample1.1%byweightofPtwassupportedonthecomposite 



<EP_ 



EP 1 516 855 A1 



metal oxide using the diamminedinitroplatinum complex to obtain an exhaust gas purifying catalyst of the Comparative 
Example. 

Measurement of isoelectric point 

[0054] Values of isoelectric point of the samples of cerium-zirconium composite metal oxide produced in Examples 
1 to 4 and Comparative Examples 1 to 3 were measured by the stop watch method, a version of the electrophoretic 
microscope method specified in JIS R163a. The results are summarized in Table 1. 

[0055] A relationship between the pH and the zeta potential measured so as to determine the Isoelectric point by 
the measu ring method described above for the cerium-zirconium composite metal oxide of Example 1 and Comparative 
Example 1 , CeOg powder and ZrOg powder are shown in Fig. 2. 

[0056] These results show a clear difference in the isoelectric point of the cerium-zirconium composite metal oxide 
between the Examples and the Comparative Examples. The Examples showed. isoelectric points near that of ZrOg 
powder, while the Comparative Examples showed isoelectric points near that of CeOg powder. 
[0057] As the compositions of the cerium-zirconium composite metal oxide were the same between Examples 1 to 
3 and Comparative Examples 1 and 3, and Example 4 and Comparative Example 2, the difference described above 
is considered to be attributed to the form of CeOg and ZrOg. It is believed that the Examples showed the isoelectric 
point near that of ZrOg powder since the cores made of CeOg are surrounded by ZrOg in the Examples as shown In 
Fig. 1. 

Evaluation of catalyst perfomnances 

[0058] The samples of cerium-zirconium composite metal oxide made in Examples 1 to 4 and Comparative Examples 
1 to 3 were compressed and crushed to make pellets about 2 mm in diameter. About 2.0 g of each of the samples was 
taken and tested to evaluate catalyst performances. 

[0059] The exhaust gas purifying catalysts were fired at 1 000°C for 3 hours forthe purpose of companng the durability, 
before the evaluation of catalyst perfonmances. 

[0060] Evaluation test was conducted by measuring the rate of neutralizing the components CgOe (HC), NO and CO 
while raising the catalyst bed temperature at a rate of fO-C /minute up to 40O''C, and changing between carbon rich 
gas and lean gas having compositions shown in Table 1 at intervals of one minute, so that any difference in the oxygen 
storage capacity can be observed distinctly. The catalytic perfomnances were evaluated in temns of the temperature 
at which 50% of the component was neutralized. The test results are summarized in Table 2. 



Gas composition for evaluation 




Na (%) 


CO^.(%) 


NO (ppm) 


CO (%) 


C3H6 (ppmC) 


Hz (%) 


O2 (%) 


H2O (%) 


Rich gas 


Balance 


10 


2200 


2.80 


2500 


0.27 


0.77 


10 


Lean gas 


Balance 


10 


2200 


0.81 


2500 


0 


1.7 


10 



(Table 2) 



Results of the measurement of catalyst performances and Isoelectric point 




Composition 


Weight ratio 


HC 


NO 


CO 


Isoelectric point 


Example 1 


Ce-Zr-Y-O 


58/38/4 


234 


266 


180 


4.2 


Example 2 


Ce-Zr-Y-O 


58/38/4 


253 


2B6 


221 


3.9 


Example 3 


Ce-Zr-Y-O 


58/38/4 


263 


301 


216 


4.1 


Example 4 


Ce-Zr-La-Pr-O 


58/32/3/7 


245 


270 


201 


4.0 


Comparative Example 1 


Ce-Zr-Y-O 


58/38/4 


280 


308 


242 


2.5 


Comparative Example 2 


Ce-Zr-La-Pr-O 


58/32/3/7 


269 


303 


253 


2.2 


Comparative Example 3 


Ce-Zr-Y-O 


58/38/4 


302 


366 


299 


3.3 



[0061 1 A cerium-zirconium composite metal oxide having improved durability at high temperature and a stable oxygen 
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sto rage capacity is provided. The cerium-zirconium composite metal oxide is characterized in that the total mole number 
of Ce and Zr is at least 85% based on the total mole number of metal in the composite metal oxide, a molar ratio Ce/ 
Zr is within a range from 1/9 to 9/1 , and an isoelectric point of the composite metal oxide is more than 3.5. Preferably, 
the molar ratio Ce/Zr is within a range from 3/7 to 7/3 and the isoelectric point is within a range from 3.8 to 5.0, and 
the cerium-zirconium composite metal oxide contains a rare earth metal (excluding Ce) in a concentration of less than 
1 5% by mole based on the total mole number of metal in the composite metal oxide. Also the present invention provides 
a cerium-zirconium composite metal oxide, characterized in that CeOg fomns a core surrounded by ZrOg. 



1 A cerium-zirconium composite metal oxide, characterized in that the total mole number of Ce and Zr is at least 
85% based on the total mole number of metal in the composite metal oxide, a molar ratio Ce^^r is within a range 
from 1/9 to 9/1 , and an isoelectric point of the composite metal oxide is more than 3.5. 

2. The cerium-zirconium composite metal oxide according to claim 1 . wherein the molar ratio Ce/Zr is within a range 
from 3/7 to 7/3 and the Isoelectric point is within a range from 3.8 to 5.0. 

3 The cerium-zirconium composite metal oxide according to claim 1 or 2, which contains rare earth metal (excluding 
Ce) in a concentration of less than 1 5% by mole based on the total mole number of metal in the composite metal 
oxide. 

4 A cerium-zirconium composite metal oxide, characterized in tliat the total mole number of Ce and Zr is at least 
85% based on the total mole number of metal in the composite metal oxide and CeOa fomns a core sunounded 
by ZrOg. 

5. The cerium-zirconium composite metal oxide according to claim 4, wherein the CeOa core has a diameter within 
a range from 5 to 20 nm. 

6. An exhaust gas purifying catalyst comprising the cerium-zirconium composite metal oxide of any one of claims 1 
to 5 and a noble metal supported on the cerium-zirconium composite metal oxide. 

7 A method for synthesizing the cerium-zirconium composite metal oxide of any one of claims 1 to 4, which comprises 
mixing a ceria sol and a zirconium compound solution or a zirconia sol to prepare a suspension, and drying and 
firing the mixture. 
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Fig.1 
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RELATIONSHIP BETWEEN pH AND ZETA POTENTIAL 
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